ABSTRACT Background: Folate, choline, and betaine participate in homocysteine metabolism. It is not known whether they interact during pregnancy. Objective: The objective was to investigate how folate status affects choline, betaine, and dimethylglycine during pregnancy. Design: Fasting plasma folate, cobalamin, free choline, betaine, dimethylglycine, and total homocysteine (tHcy) were measured longitudinally at ,12, 15, 24-27, and 34 gestational weeks (GW); at labor (nonfasting); and in the cord in participants (n = 522) from the ReusTarragona Birth Cohort (NUTrició i Creixement Intrauterí Retardat phase). Timing, dose, and duration of folic acid supplement use were recorded. Folate status was classified as below (low) or above (high) median plasma folate at baseline (27.6 nmol/L) and at 24-27 GW (11.4 nmol/L). Associations between folate or betaine with tHcy were investigated by using multiple linear regression analysis. Results: Plasma betaine decreased by 34.8% (1.0%) throughout pregnancy, and dimethylglycine increased by 39.7% (2.7%) between 24-27 GW and labor (all P , 0.001). Low folate status was associated with a higher dimethylglycine/betaine ratio from 15 GW and with lower plasma betaine and higher dimethylglycine from 24 to 27 GW, for the rest of pregnancy, compared with high status. Regression analysis showed that by 24-27 GW, both plasma folate and betaine were inversely associated with tHcy when folate status was low and that the association between betaine and tHcy depended on folate status at 24-27 and 34 GW (interaction terms: P , 0.001 and P , 0.01). Betaine was inversely associated with tHcy at labor regardless of folate status. Conclusion: Low folate status enhances the reduction in betaine and the increase in dimethylglycine during pregnancy and strengthens the association between betaine and tHcy. This trial was registered at clinicaltrials.gov as NCT01778205.
INTRODUCTION
Choline is an essential nutrient that plays a role in cell structure and signaling (1) , lipid transport (2, 3) , and neurotransmission (4) . It is either supplied by the diet or synthesized de novo from phosphatidylethanolamine (5) . Choline oxidation leads to the formation of betaine (6) , which acts as a methyl donor in homocysteine remethylation in the liver and kidneys, catalyzed by betaine homocysteine methyltransferase (BHMT) 4 (7) . Dimethylglycine is the other product of this reaction (8) . In most tissues, homocysteine remethylation to methionine is catalyzed by ubiquitous methionine synthase, with cobalamin as a cofactor and 5-methyltetrahydrofolate as the methyl donor (7) . Homocysteine remethylation by BHMT may be relatively minor compared with methionine synthase. It appears to be more important when folate status (9) or intake (10) is low.
Choline and related one-carbon donors affect pregnancy outcome, fetal growth, and development. Diets rich in choline, betaine, and methionine reduce the risk of neural tube defects in humans (11) , and choline is essential for neural tube closure (12) and brain development in experimental animals (13) . The recommended intake of 450 mg choline/d for pregnant women (14) may not cover maternal and fetal requirements to support one-carbon metabolism during pregnancy (15) . Estrogen production is increased during pregnancy (16) , and this may enhance endogenous choline synthesis (17) .
The increase in plasma free choline during pregnancy (18) and its positive association with total homocysteine (tHcy) during late pregnancy (19) may reflect increased production via the phos-phatidylethanolamine N-methyltransferase pathway. The considerably higher choline concentrations in the fetal than in the maternal compartment (19) suggest transport across the placenta to meet fetal requirements.
There is also an increased demand on folate during pregnancy, which may lead to the depletion of folate maternal reserves (20) . Betaine has been reported to be inversely associated with tHcy in late pregnancy (21) , which may reflect its role in homocysteine remethylation when folate availability becomes limited.
There is little information on how folate status affects choline, betaine, and dimethylglycine during pregnancy. The aim of this longitudinal study from early pregnancy [,12 gestational weeks (GW)] to labor in 522 women from Reus and Tarragona, Spain, was to investigate how folate status affects plasma choline, betaine, and dimethylglycine and the association between betaine and tHcy throughout pregnancy.
SUBJECTS AND METHODS

Participants
The participants were from the ongoing NUTCIR phase of the Reus-Tarragona Birth Cohort-a longitudinal study of maternal nutritional status and pregnancy that is being carried out in the Area of Preventive Medicine and Public Health of the Universitat Rovira i Virgili, in collaboration with the Areas of Obstetrics and Gynecology of the University Hospitals: Sant Joan, Reus and Joan XXIII, Tarragona. All participants that completed their pregnancies before December 2011 were included in this analysis. The study was carried out in accordance with the Declaration of Helsinki, was approved by the Ethics Committees of both hospitals, and signed informed consent was obtained from all participants. Women that had their first antenatal check-up before 12 GW, and with viable singleton pregnancies confirmed by ultrasonography, were eligible to participate in the study. Exclusion criteria were chronic diseases or surgical interventions that affect nutritional status or habits or treatment with medication that affect folate metabolism.
All women were prescribed daily supplements containing 400 mg folic acid to be taken until the end of the first trimester of pregnancy, in keeping with recommendations by the Spanish Obstetrics and Gynecology Society (22) . The prescribed supplements also contained 2 mg cyanocobalamin.
Of 1451 pregnant women who had their first antenatal checkups between January 2005 and May 2011, 839 were not eligible to participate in the study (mainly because their pregnancy was more advanced than 12 GW). Of the remaining 612 eligible women who were invited to participate, 29 declined the invitation and 9 did not turn up for their next appointment. A total of 574 women (94% of those that were eligible) entered the study.
Blood samples, biochemical analysis, and data collection
Fasting blood samples [before 12 (baseline), 15, 24-27, and 34 GW], a sample on admission to the hospital with confirmed labor, and one from the cord were collected into tubes containing EDTA-K 3 . The time of blood collection was recorded, and the samples were maintained at 48C for ,1 h before processing to separate the different blood fractions for red blood cell folate and for plasma and genotype determinations. Time of sample processing was also recorded. Samples were kept in aliquots at 2808C at the Institut d'Investigació Sanitària Pere Virgili biobank until they were analyzed within ,18 mo of collection. It was ensured that all samples from the same pregnancy were analyzed in the same batch. Plasma choline, betaine, dimethylglycine, and tHcy were measured by liquid chromatography-tandem mass spectrometry (23, 24) and plasma creatinine by Jaffé reaction (Química Clínica Aplicada SA). Plasma and red blood cell folate were determined by microbiological assay with Lactobacillus casei (25) and plasma cobalamin by microbiological assay with Lactobacillus leichmannii (26) . Plasma cotinine, indicative of recent nicotine exposure, was determined in the maternal samples at baseline and 24-27 GW and in the cord samples by liquid chromatography-tandem mass spectrometry (27) . The MTHFR 677C.T genotype was determined in the mothers by using matrix-assisted laser-desorption/ionization-time-of-flight mass spectrometry (28) .
Maternal age and BMI at the first antenatal check-up were recorded. Participants completed detailed questionnaires on supplement use (including folic acid, cobalamin, multivitamins, and iron), lifestyle, and habits with the help of a member of the study team at 20 GW and 32 GW. They were questioned in detail on the use of supplements during the 3 mo before conception and throughout pregnancy. The commercial name and frequency of use both during preconception and during each month of pregnancy (daily, 4-6 d/wk, irregular or never, and number of weeks) were recorded. On the basis of this information, the approximate total quantity of folic acid consumed (mg during the first trimester) was calculated. This information was used to classify participants into 3 different folic acid-supplement groups during the first trimester: 400 mg/d, #4 times/wk; 400 mg/d, 5-7 times/wk; or .400 mg/d, $4 times/wk. Data regarding smoking habits, alcohol consumption, or illegal drug use during the year before pregnancy, during the first trimester, and throughout the remainder of pregnancy were also recorded. Women with plasma cotinine .10 ng/mL or that confirmed smoking during pregnancy in the lifestyle and habits questionnaires were classified as smokers. This enabled us to identify women that never smoked, who gave up smoking during early pregnancy (before their first antenatal check up), or who gave up smoking at a later stage of pregnancy. Level of education and occupation of both parents and their combined income category were recorded. These data were used to classify the socioeconomic level of the participants as high, medium, or low (29) . The participants were also asked whether they had planned their pregnancy.
Statistical analysis
Normality of the distributions of all variables was checked by using the Kolmogorov-Smirnov test. None of the plasma variables had a normal distribution and thus were natural log transformed. Continuous variables are reported as arithmetic or geometric means (95% CIs) and categorical variables as absolute frequencies and percentages.
Participants were classified as below or above the median plasma folate concentration at baseline and at 24-27 GW. They are referred to here as the low-and high-folate status groups. For longitudinal analyses, baseline folate status was applied to firsttrimester analyses and 24-27 GW folate status for all analyses from this point throughout the rest of pregnancy. Longitudinal changes in plasma nutrient or metabolite concentrations according to folate status were investigated by using 2-factor ANOVA for repeated measures (intrasubject factor: gestational age; intersubject factor: folate status) with post hoc Bonferroni correction for multiple comparisons. When the interaction term (gestational age 3 folate status) was significant, we analyzed the effect of gestational age on plasma metabolite concentrations within each folate status group. Metabolite plasma concentrations at 15 GW were compared with ,12 GW in a model using baseline folate status and at 34 GW and labor were compared with 24-27 GW in another model. Cord plasma concentrations were compared with maternal (at labor) concentrations by using Student's paired t test. Concentrations between the low-and high-folate status groups during pregnancy or in the cord were compared by using Student's t test. Mean percentage differences in plasma choline, betaine, and dimethylglycine between baseline and each of 24-27 GW, 34 GW, and labor, were compared between participants who stopped folic acid supplement use at the end of the first trimester and those who continued throughout pregnancy by using Student's t test. Mean dimethylglycine/betaine ratios were compared between low-and high-folate status groups (below or above the median plasma folate concentrations at each time point) by using Student's t test. Multiple linear regression models were fitted to estimate the associations between plasma folate and betaine with tHcy according to plasma folate status. Models at each time point were fitted for all of the participants together and then separate models according to the corresponding folate status category at each time point. All models were adjusted for physiologic, environmental, and lifestyle factors known to affect tHcy: maternal age, study center, smoking, gestational age at the time of sample collection, plasma creatinine, plasma cobalamin, and the MTHFR 677C.T polymorphism. b-standardized regression coefficients are reported to allow comparison of the relative importance of plasma folate and betaine in the models. The association between plasma choline and tHcy at each of the studied time points of pregnancy was assessed by Pearson's correlation. SPSS (SAS Institute Inc) for Windows, version 19.0, was used for all statistical analyses. The significance level was set at P , 0.05 for bilateral contrasts.
RESULTS
Characteristics of the study population
Of the women that entered the study, 522 (91%) went on to have a live birth. Of the remaining 52, 2 were excluded for twin pregnancies, 6 abandoned the study, 2 had stillbirths, 8 had their pregnancy terminated because of congenital malformations, and 34 miscarried. Baseline characteristics of the participant on entering the study are summarized in Table 1 . Sixty percent of the participants regularly took the prescribed daily prenatal folic acid supplements (which contained 400 mg during the first trimester); 28.2% exceeded this dose during the first trimester, and 55.1% continued to take prenatal supplements containing #400 mg folic acid throughout the remainder of pregnancy.
Fluctuation of B vitamin concentrations during pregnancy and according to folate status
Change in plasma folate, red blood cell folate, and plasma cobalamin concentrations according to folate status at baseline or at 24-27 GW are summarized in Table 2 . Plasma and red blood cell folate were higher at 15 GW than at baseline in both folatestatus groups. Both indexes then decreased after 15 GW, independently of folate status. The mean reductions in plasma folate were 50% between 15 GW and 24-27 GW in the women who stopped regular folic acid supplement use at the end of the first trimester and 30% in the women who regularly used multivitamins throughout pregnancy (data not shown). Given that variations in the timing, dose, and duration of supplement use affected plasma folate, 34% of the participants who were in the low-folate status group at baseline had moved to the high-status group by 24-27 GW. Similarly, 38% of the participants moved from the highfolate status group at baseline to the low-folate status group at 24-27 GW. Plasma cobalamin concentrations decreased gradually as pregnancy progressed in both folate-status groups. All vitamin concentrations in the cord were higher than in the mother at labor. Cord folate and cobalamin were higher in the high-folate than in the low-folate status group.
Fluctuation of choline and its oxidation pathway components and tHcy during pregnancy according to folate status Fluctuations in plasma choline, betaine, dimethylglycine, and tHcy in participants with low-or high-folate status at baseline and 4 Folic acid supplement use information was incomplete for 6 participants.
5 DNA was not available for 46 participants.
at 24-27 GW are illustrated in Figure 1 . The patterns of change during pregnancy in all metabolites were similar in both folatestatus groups. Globally, plasma choline increased as pregnancy progressed. Choline did not differ between the different folatestatus groups or between participants with different first-trimester folic acid supplementation patterns at any stage of pregnancy. Globally, plasma betaine decreased until 24-27 GW, at which point it plateaued. Participants with low-folate status had lower plasma betaine at 24-27 GW than did those with high-folate status. This was also confirmed by the higher betaine concentrations at 15 and 24-27 GW in women who consumed folic acid from supplements in excess of 400 mg/d (data not shown). Globally, plasma dimethylglycine increased progressively from 24 to 27 GW. From 24 to 27 GW throughout the remainder of pregnancy, dimethylglycine was higher in women with low folate status than in the rest of the women. tHcy was higher throughout pregnancy in the women with low folate status. All plasma metabolites in the cord were higher than in the mother at labor except for tHcy, which was lower. Cord choline and betaine did not differ between the different folate-status groups. However, cord dimethylglycine and tHcy were higher when the mothers had low folate status at 24-27 GW.
Mean percentage differences from baseline in plasma betaine and dimethylglycine at 24-27 GW, at 34 GW, and at labor according to continued regular folic acid use after the first trimester are shown in Figure 2 . The reduction in plasma betaine as pregnancy progressed was greater in women who did not regularly take folic acid after the first trimester than in women who did. By 34 GW, a mean increase in plasma dimethylglycine of 10% was observed in women who had stopped taking folic acid supplements compared with no change in women who continued taking them. By the end of pregnancy, plasma dimethylglycine had increased in all participants but the increase tended to be higher in nonusers of supplements than in users.
Comparison of dimethylglycine/betaine ratios between low-and high-folate status groups Mean dimethylglycine/betaine ratios according to folate status are reported in Table 3 . The ratio was higher in the low-folate status group from 15 GW throughout the rest of pregnancy. 1 Participants were classified into low-or high-folate status groups based on plasma folate below or above the median at ,12 GW (baseline) (27.6 nmol/L) and at 24-27 GW (11.4 nmol/L). Data reported at ,12 GW and 15 GW are according to baseline folate status. Data reported throughout the rest of pregnancy and in the cord are according to folate status at 24-27 GW. Plasma folate and cobalamin in folate status groups: ,12 GW (n = 257 in each group), 15 GW (low: n = 202; high: 218), 24-27 GW (low: n = 238; high: n = 239), 34 GW (low: n = 215; high: n = 221), labor (low: n = 203; high folate: n = 210; high cobalamin n = 208), cord (low: n = 197; high: n = 203). Red blood cell folate in folate status groups: ,12 GW (low: n = 249; high: n = 250), 15 GW (low: n = 193; high: n = 211), 24-27 GW (n = 233 in each group), 34 GW (low: n = 209; high: n = 218). Concentrations between the different time points were compared by 2-factor repeated-measures ANOVA (intrasubject factor: gestational age; intersubject factor: plasma folate status) followed by post hoc Bonferroni correction for multiple comparison in one model that compared between ,12 and 15 GW and another that compared between 24-27 GW and 34 GW 
Associations between choline and tHcy according to plasma folate status
Pearson linear correlation coefficients between choline and tHcy on log-transformed data showed weak correlations between choline and tHcy in the low-folate status groups at ,12 GW (r = 0.17, P , 0.01), at 24-27 GW (r = 0.15, P , 0.05), and at labor (r = 0.22, P , 0.01). In the high-folate status groups, choline and tHcy were correlated at 15 GW (r = 0.18, P , 0.01), at 24-27 GW (r = 0.13, P = 0.05), at 34 GW (r = 0.31, P , 0.001), and at labor (r = 0.34, P , 0.001).
Associations of plasma folate or betaine with tHcy according to plasma folate status
Whether the associations between folate and betaine with tHcy vary depending on folate status was investigated by using multiple linear regression analysis. In models (not shown) including all of the participants, neither plasma folate nor betaine were associated with tHcy during the first half of pregnancy. Significant interactions between plasma folate and betaine were observed at 24-27 GW (P-interaction ,0.001) and 34 GW (P-interaction ,0.01). No interaction was observed at labor. Separate models, fitted at each time point of pregnancy according to folate status, are shown in Figure 3 . Plasma folate was inversely associated with tHcy throughout pregnancy in women with low folate status but only from 24 to 27 GW in those with high folate status. In the low-folate status group, betaine was not associated with tHcy until 24-27 GW. From then onward, an inverse association was observed. Betaine was not significantly associated with tHcy until labor in the high-folate status group.
DISCUSSION
Principal findings
This large longitudinal study tracked the effect of folate status on components of the choline oxidation pathway from early pregnancy until labor. There was a progressive increase in plasma choline and decrease in betaine. Dimethylglycine increased during the second half of pregnancy. Women with low folate status had lower betaine throughout pregnancy, higher dimethylglycine during the second half of pregnancy, and a higher dimethylglycine/betaine ratio from 15 GW throughout the rest of pregnancy compared with women with high status. Betaine was inversely associated FIGURE 1. Geometric mean (95% CI) plasma choline (A), betaine (B), dimethylglycine (C), and tHcy (D) according to folate status. Folate status at baseline (data plotted before the dashed lines) and at 24-27 GW (data plotted after the dashed lines) was classified as below (low) or above (high) median plasma folate (27.6 nmol/L at baseline; 11.4 nmol/L at 24-27 GW). Low-/high-status groups: ,12 GW (n = 256/n = 257), 15 GW (n = 202/n = 218), 24-27 GW (n = 238/n = 239), and 34 GW (n = 215/n = 221); labor (n = 211 in each group); and cord (n = 206/n = 208). Metabolite concentrations between the different time points were compared by 2-factor repeated-measures ANOVA (intrasubject factor: gestational age; intersubject factor: folate status) with post hoc Bonferroni correction for multiple comparison in one model that compared between ,12 and 15 GW and another that compared between 24-27 GW and 34 GW or labor: a P , 0.01 compared with ,12 GW, b P , 0.001 compared with 24-27 GW, e P , 0.001 compared with ,12 GW, g P , 0.05 compared with 24-27 GW. Interaction terms between gestational age and folate status: P , 0.001 for choline from ,12 to 15 GW and for betaine from 24-27 to 34 GW, P , 0.01 for dimethylglycine from 24-27 to 34 GW, and P , 0.01 for tHcy from ,12 to 15 GW. Student's t test was used to compare low-folate with high-folate status:
d P , 0.05, with tHcy from midpregnancy in the low-folate status group but not until the end of pregnancy in the high-folate status group.
Strengths and limitations
The absence of mandatory fortification with folic acid prevented the possible masking of physiologic changes in pregnancy folate and of the effect of folate status on choline, its metabolites and the association between betaine and tHcy. Data on folic acid and multivitamin supplement use from preconception throughout pregnancy was corroborated with red blood cell folate determinations (data not shown). Blood sample processing protocols to prevent time and temperature-dependent artifacts in plasma choline and tHcy (30) were implemented.
Some participants did not attend all of their appointments (especially at 15 GW), were not identified in the labor ward as study participants, or gave birth in other centers. Elapsed time since the last meal may have affected plasma choline and betaine determinations only in some labor samples that were nonfasting (49%).
Main observations
Both folic acid supplement use and folate status affected the components of the choline oxidation pathway. Cessation of folic acid supplement use at the end of the first trimester, was associated with a greater reduction in plasma betaine throughout the rest of pregnancy compared with continued use and with a 10% increase in dimethylglycine by 34 GW that was not observed until labor in supplement users. In agreement with an effect of folate status on the choline oxidation pathway, plasma betaine was lower and dimethylglycine was higher during the second half of pregnancy in participants with low folate status than in those with high folate status. It is unlikely that this was due to lower betaine intake because plasma betaine did not vary between the folate-status groups before midpregnancy.
Cord dimethylglycine was higher in the low-than in the highfolate status group despite no differences in cord choline and betaine. Metabolites in cord blood reflect fetal metabolism and transport across the placenta.
Comparison with previous studies
Folate status in our study population was lower than reported in previous studies of choline metabolism during pregnancy (18, 19, 31) . First-and second-trimester red blood cell folate concentrations in the high-folate status group were similar to those of supplement users in a recent US study (32) . However, red blood cell folate was lower compared with the US study throughout pregnancy in the low-folate status group and in the last trimester in both groups. tHcy fluctuation patterns in pregnancy were similar to those previously reported (18, (33) (34) (35) , despite slightly higher concentrations than in some reports (35, 36) and lower concentrations in another (18) . Differences in plasma folate and tHcy between studies are likely to be due to differences in exposure to folic acid from supplements and/or fortified foods.
Two smaller studies (18, 31) reported choline concentrations throughout pregnancy similar to those observed in the current study, although concentrations in late pregnancy were slightly lower in one study (31) . A study of 404 pregnant (primarily black) women in Alabama reported that free choline does not fluctuate during pregnancy (37) . The timing of blood sample collection did not cover the beginning and the end of pregnancy and therefore could not detect the increases in choline between early and midpregnancy or at the end. We observed that plasma betaine decreased between the first trimester and weeks 24-27, as previously reported (18, 21) . However, observed concentrations were higher during the first trimester and midpregnancy compared with previous reports in Curaçao (18) and in the Seychelles (21) . Betaine status might vary between studies because of differences in diet, lifestyle, and prenatal supplement use.
The reduction in plasma dimethylglycine between early to midpregnancy has been reported before (18) , but the current study also observed an increase in dimethylglycine in late pregnancy and that the dimethylglycine/betaine ratio was higher when folate status was lower. Two studies that reported higher folate status also reported lower dimethylglycine concentrations than in the current study at 16 GW (31) compared with 15 GW and 32 GW (18) compared with 34 GW.
Interpretation
Choline did not differ with folate status, probably because endogenous choline production prevailed during pregnancy (18) . The positive associations observed between choline and tHcy from 15 GW throughout pregnancy in the high-folate status group and, at most points of pregnancy in the low-folate status group, may reflect homocysteine production during synthesis of phosphatidylcholine, which supports Molloy et al's hypothesis (19) . Elevated plasma choline (despite the presence of physiologic factors such as hemodilution and increased glomerular filtration rate) indicates that its demand was substantial, as shown in rats (38) . Depletion of choline-derived methyl donors during pregnancy have been reported, even in folate-replete mothers supplemented with choline (15) .
Both the decrease in plasma betaine and increase in dimethylglycine as pregnancy progressed were potentiated by low folate status and cessation of folic acid supplement use after the first trimester. We hypothesize that these divergent changes in betaine and dimethylglycine, a substrate-product pair in the BHMT reaction, are due to upregulation of the enzyme's activity. This is supported by the greater dimethylglycine/betaine ratio in the low-folate status group than in the high-status group and the regression models that tested the effects of folate and betaine on tHcy. Folate and betaine interacted in the models that were not stratified by folate status (data not shown). Stratification by folate status showed that the effect size of betaine on tHcy was similar to folate in mid-and late pregnancy in the low-folate status group. Unlike folate, betaine was not significantly associated with tHcy in the early-pregnancy models. Thus, betaine appeared to be spared when folate status was replete as previously reported in adults (39) and in the elderly (40) . From midpregnancy throughout the remainder of pregnancy, both folate and betaine were inversely associated with tHcy. In the high-folate status group, the inverse association between betaine and tHcy was only significant at labor when folate status in this group was at its lowest. These results show that both folate and betaine are sources of fungible C1 units during pregnancy. They suggest that homocysteine remethylation was mainly by methionine synthase when folate status was replete in the first half of pregnancy. However, reduced betaine and increased dimethylglycine when folate status was low or as it worsened suggest increased BHMT activity and a greater role of BHMT in homocysteine remethylation in this situation. This hypothesis should be tested in future studies. We conclude that folate status affects plasma betaine and dimethylglycine concentrations and the association between betaine and tHcy during pregnancy.
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FIGURE 3.
Multiple linear regression models that were fitted to investigate the associations of plasma folate and betaine with tHcy (dependent variable) according to folate status and time of pregnancy. Participants were classified into low-or high-folate status groups based on plasma folate below or above the median at baseline (27.6 nmol/L), 15 GW (26.3 nmol/L), 24-27 GW (11.4 nmol/L), 34 GW (8.9 nmol/L), and labor (8.4 nmol/L). All models were adjusted for maternal age, study center, smoking status, gestational age at the time of sample collection, plasma creatinine, plasma cobalamin, and MTHFR 677C.T polymorphism. All models were significant (P , 0.001). 
